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DRAM WITH REFRESH CONTROL FUNCTION 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application claims benefit of priority under 35 USC 
5 § 119 to Japanese Patent Application No. 2002-182556, filed on 
June 24, 2002, the entire contents of which are incorporated by 
references herein. 

BACKGROUND OF THE INVENTION 
10 The present invention relates to a dynamic random access 

memory (DRAM) having a refresh control function. Particularly, 
this invention relates to a DRAM having a refresh control function 
to limit excess refresh operations. 

DRAM cells store data as charges that are reduced due to 
15 junction leakage, etc. Therefore, DRAMs require a refresh 
operation for reading and rewriting cell data from and to each 
cell . 

The following are major two types of DRAM refresh: 
(A) external address entry to initiate refresh operation; and 
20 (B) internal address generationfor ref reshingwithabuilt-in-chip 
address counter, with no external address entry. 

The type (A) includes RAS-only refresh, CAS before-RAS 
refresh , etc . 

RAS-only refresh is to input row addresses in synchronism 
25 with row-address strobes (abbreviated as *RAS hereinafter) to 
select and drive each word line. 

CAS before-RAS refresh is to make column-address strobes 
(abbreviated as *CAS hereinafter) at level "lOW" prior to *RAS 
in refreshing while *RAS and *CAS are always appearing at different 
30 timings. 

The symbol added to each signal indicates that the signal 
has been inverted. For example, *RAS means that a signal RAS has 
been inverted. 

The type (B) includes auto refresh, self refresh, etc. 
35 Auto refresh is togenerate internal addresses for refreshing, 

in synchronism with a control signal given via a refresh-control 
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terminal during a period of level "HIGH" (inactive period) for 
*RAS. 

Self ref reshis to generate internal addresses for refreshing 
p)er specific period of time with an internal timer. 
5 A knovm DRAM having a refreshing function is DYNAMIC TYPE 

SEMICONDUCTOR MEMORY disclosed in Japanese Unexamined Patent 
Publication No. 5 - 109268. 

The known DRAM is a type- (B) DRAM, having a mCTiory-cell 
array divided into several memory sxibarrays with different 
10 ref reshingperiodsper siobarray , tolimitexcess ref resh operations 
for reduction of power consumption. 

The type- (A) refresh requires external addresses but 
flexible in selection of refreshing regions in cell array. 

In contrast, the type- (B) refresh inhibits selection of 
15 refreshing regions, thus requiring refreshing to all regions in 
DRAMchip, includingno-data-storedregions. The type- (B) refresh 
thus causesexcessrefreshoF>erationstoincreasepower consumption. 

The known DRAM is provided wi th di f f eren t ref reshing periods 
to avoid such excess refresh operations . Nevertheless , the known 
20 DRAM is not equipp>ed with a ref resh -control function in accordance 
with frequency in use of DRAM chip regions. In particular, it 
is not equipped with a function of halting unnecessary refreshing 
to no-da ta-stored regions. 

25 SUMMARY OF THE INVENTION 

A dynamic random access memory (DRAM) having a 
refresh-control function under control by an internal 
refresh-control signalaccording to thepresentinventionincludes : 
a eel 1 a r ray havi ng a plural i ty of DRAM eel 1 s divided i n to a plural i ty 

30 of blocks, the DRAM cells being driven through word lines for 
data transfer with bit lines; a decoder to select word lines and 
bit lines connected to the cell array; a sense amplifier to amplify 
data on the bit lines; and a refresh controller to limit refresh 
to the cell array so that at least one externally-accessed block 

35 cell among the blocks is refreshed. 
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BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 shows ablockdiagrainof an embodimentofDRAMaccording 
to the present invention ; 

FIG. 2 shows exemplary circuit components of a refresh-limit 
5 releasing section; 

FIG. 3 shows a circuit diagram of a memory cell MC; 
FIG. 4 shows a block diagram of a cell array divided into 
blocks and a refresh controller; 

FIG. 5 shows an exemplary block diagram of the refresh 
10 controller; 

FIG. 6 shows an illustration of refresh addresses and periods 
of refreshing and non^ref reshing; 

FIG. 7 shows a block diagram of circuitry having an external 
reset terminal; 

15 FIG. 8 shows a block diagram of circuitry having a reset 

circuit; 

FIG. 9 shows a block diagram of a refresh-limit releasing 
section and a refresh limiter; 

FIG, 10 shows an exemplary fuse circuit; 
20 FIG. 11 shows a timing chart indicating signal timing for 

each circuit component shown in FIG. 10; 

FIG. 12 shows an exemplary block diagram of a refresh-limit 
releasing section; 

FIG. 13 shows an exemplary block diagram of a refresh-limit 
25 releasing section; 

FIG. 14 shows an exemplary block diagram of a refresh-limit 
releasing section; 

FIG. 15 shows an exemplary block diagram of a refresh-limit 
releasing section; 
30 FIG. 16 shows an exemplary block diagram of a refresh-limit 

releasing section and an access detector; 

FIG. 17 shows an exemplary block diagram of circuitry 
including a refresh-limit releasing section, an access detector 
and a refresh limiter; 
35 FIG. 18 shows an exemplary block diagram of circuitry 

including a refresh-limit releasing section, an access detector, 
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a refresh limiter and a register; 

FIG. 19 shows a block diagram of circuitry for halting a 
refresh limiter with a first operation -halt signal; 

FIG. 20 shows an illustration of a flow of a second 
5 operation -ha It signal from a refresh-limit releasing section to 
a refresh limiter; 

FIG. 21 shows a block diagram of circuitryincludinga refresh 
counter and a refresh limiter between a cell array and a register; 

FIG. 22 shows a block diagram illustrating release of a 
10 refresh limiter from refresh limitation with data programming 
to a refresh-limit releasing section; and 

FIG. 23 shows ablockdiagramof circuitry including a refresh 
counter, a refresh limiter and a refresh-limit releasing section 
between a cell array and a register. 

15 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

An embodiment according to the present invention will be 
disclosed with reference to the attached drawings. 

Disclosed below is an onbodiment of DRAM having meanory cell 
20 arrays divided into blocks, information being charged into each 
cell, refreshing being decided per block. 

Refresh limitation in this invention applies no refresh 
to a block of memory cells to which no access has been made. 

Refresh-limit release in this invention releases a block 
25 of memory cells from refresh limitation when access has been made 
to at least one cell of the block, thus all cells in the block 
being refreshed. 

FIG, 1 shows ablockdiagramof an embodiment of DRAMaccording 
to the present invention. 
30 A cell array 1 has DRAM memory cells MC arranged on the 

intersections of word lines WL and bit lines BL. 

Connected to each bit line BL is a sense amplifier 2 for 
amplifying data on the bit line BL. 

Row decoders 3 select word lines with decoding row-address 
35 signals. 

Column decoders 4 select bit lines with decoding 



5 



coliimn-address signals . 

An external address signal ADD is supplied to an address 
buffer 5 in synchronism with signals *RAS and *CAS, thus internal 
row- and column-address signals being supplied to the row decoders 
5 3 and the column decoders 4 , respectively . 

Sense amplifiers 2 are selectively connected to a data buffer 
6 via the column decoder 4 for data transfer via external terminals 
(not shown) . 

This embodiment is the self-refresh type, so that it is 
10 equipped with a refresh counter 7 and a timer 8 for automatic 
refreshments to the cell array 1 in an idle mode for this DRAM 
chip (with no data read and write) . 

The refresh counter 7 is an address counter to generate 
an internal row address that is increased per constant elapse 
15 of time decided by the timer, under control by the signal *RAS 
at level "HIGH" (inactive) and a refresh-control signal REF. 

A row- address signal output from the refresh counter 7 is 
supplied to the row decoders 3 . It is decoded to select word lines 
WL to refresh data in DRAM cells connected to the selected word 
20 lines WL. Data in the DRAM cells are read out to the corresponding 
bit lines BL, amplified by the sense airplifiers 2 and rewritten 
in the DRAM cells. 

As disclosed, all blocks of the cell array 1 are refreshed 
one by one during a period of no external access in the self -refresh 
25 type. 

Inaddition , afeatureof theembodimentis tolimitref reshing 
so that refreshing is allowed only for externally-accessed blocks 
of the cell array 1 . 

This feature is achieved with registers 10 and refresh 
30 limiters 9. Each register 10 is provided per several blocks of 
the cell array 1, to store access information indicating whether 
access has been made to the several blocks. The refresh limiters 
9 output inhibit signals to inhibit refreshing un-accessed blocks 
of the cell array 1. 
35 The cell array 1 is divided into "n" number of cell blocks 

BLKO, BLKl, . . . , and BUEOi-l per several word lines. In order to 
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allow or inhibit refreshing per block , "n" number of the registers 
10, REGO, REGl, . . . , and REGn-1 are provided. Each register 10 
stores a value "0" at the initial stage. 

When there is an external access, an access detector 13 
5 detects a row address carried by the external access and sets 
"1" in the register 10 for the corresponding cell block . The access 
detector 13 is a block decoder to decode a block address, for 
the cell array 1 / carried by the row*- address signal . 

Thus, the registers 10 store "0" for non-accessed cell blocks 
10 whereas "1" for accessed cell blocks, as the access information 
indicating whether access has been made. 

Based on the access information, the refresh limiters 9 
deactivate row address decoders 9 corresponding to non-accessed 
blocks, at the time of refreshing. 
15 In detail , the refresh limiters 9 are activated by the signal 

*RAS only for a period *RAS = "HIGH" for refreshing, to activate 
or de activate the row decoders 3 in accordance with the access 
information stored in the registers 10. The refresh limiters 9 
are deactivated for a period *RAS = "LOW" for data reading or 
20 writing so that the access information can be used only in the 
refreshing cycle. 

As disclosed^ the embodiment eliminates refresh opera tr ions 
to the cell array 1 in accordance with the access information 
indicating whether access has been made , thus reducing unnecessary 
25 power consumption. 

The access information stored in the registers 10 may only 
indicate whether write access has been made. This eliminates 
unnecessary refreshing to the blocks of no data written in the 
cell array 1. 

30 The registers 10 are provided with external reset terminals 

RESETO, RESETl, . . . , andRESETn-1, as shown in FIG. 1, for resetting 

the access information per several blocks. 

The external reset terminals allow users to reset at "0" 

any of the registers 10 set at "1" (once accessed) , to inhibit 
35 refresh operatrions to any blocks of the cell array 1 until the 

blocks are accessed next. 
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Further provided in FIG. 1 is a reset circuit 11 for 
initializing all registers 10. 

The reset circuit 11 is a register which is feasible in 
the following situation. 
5 When all registers 10 are set at "1" (once accessed) for 

all blocks of the cell array 1 in a test mode, refresh operatrions 
could continue even though no data are written after the 
"l"-settings . 

In order to avoid unnecessary refresh operatrions^ a reset 

10 signal RESETA is supplied to the reset circuit 11 to initialize 
all registers 10 set at "1" in the test mode. The initialization 
allows refresh operatrions only to the blocks of the cell array 
1 accessed for writing after the registers 10 are initialized, 
thus achieving refresh limitation. 

15 Several reset circuits 11 may beprovidedfor initialization 

of the corresponding number of groups of the registers 10. 

As disclosed above, the refresh limiting operation to the 
cell array 1 divided into several blocks in accordance with the 
access information achieves reduction of power consumption. 

20 Nevertheless, the refresh limiting operation is of no use 

when all blocks of the cell array 1 are accessed. In other words, 
the access detector 13 determines whether there is an access for 
all blocks of the cell array 1 even when the block are all accessed, 
thus increasing power consumption. 

25 In order to avoid such a problem, the present invention 

offers a programmed refresh limiting function for halting refresh 
operations , according to needs . 

In detail, the embodiment shown in FIG. 1 is equipped with 
a refresh-limit releasing section 12 for releasing the registers 

30 10 and the refresh limiters 9 from the refresh limiting operations . 

In detail, the refresh-limit releasing section 12 is 
programmed with specific data to generate first to third 
op>eration-halt signals "a" , "b" and "c" for deactivating the refresh 
limiters 9, the registers 10 and the access detector 13. The 

35 deactivation operation allows the normal self refresh with saving 
power which could otherwise be consumed by the refresh limiters 
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9, the registers 10 and the access detector 13. 

Deactivating all of the refresh limiters 9, the registers 
10 and the access detector 13 achieves maximum power saving in 
self refresh. 

5 Nevertheless, the refresh-limit releasing operation is 

achieved with deactivating the refresh limiters 9 only or 
deactivating the access detector 13 only while setting "1" in 
all of the registers 10 with the refresh limiters 9 being active. 

The refresh-restriction releasing section 12 may be of a 

10 fuse circuitry shown in FIG. 2(a) or a bonding potion shown in 
FIG. 2 (b) so that specific data can be programmed on a DRAM wafer. 
Moreover, it may be of a non-volatile memory cell for storing 
programmed data permanently or an externally-settable and 
-resettable register. 

15 As disclosed above , the present invention allows refreshing 

operations only to the externally-accessed blocks of a cell array, 
thus reducing DRAM power cons\jmption . 

An exemplary refresh circuitry according to the present 
invention includes: a refresh counter for generating an internal 

20 address signal, the address being increased for refreshing a cell 
array; a register, provided per several number of blocks of the 
cell array, for storing information indicating whether each block 
has been accessed; and a refresh limiter for halting a refresh 
operation to each block that has not been accessed. 

25 As disclosed above in detail , the present invention offers 

refresh control to inhibit refresh operations to non-accessed 
blocks of a cell array, thus reducing DRAM power consumption. 

The embodiment disclosed with reference to FIG. 2 will be 
disclosed in more detail . 

30 FIG. 3 shows a circuit diagram of the memory cell MC shown 

in FIG. 1. 

The memory cell MC shown in FIG. 3 includes a transistor 
Q, the gate of which is connected to a word line WL, the drain 
of which is connected to a bit line BL, and a capacitor C connected 
35 between the emitter of the transistor Q and the ground. 

FIG. 4 shows a DRAM having a refresh control function under 
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control by an internal refresh-control signal. 

The DRAM shown in FIG. 4 includes: a cell array 1 having 
DRAM cells , each being driven through a word line for data transfer 
between a bit line, the cells being divided into and blocks CAl, 
5 CA2, CA3, CA4 , . - and CAn; a decoders 3 and 4 for selecting 
word lines WL and bit lines BL, respectively; a sense amplifier 
2 for amplifying bit-line data from the cell array; and a refresh 
controller 14 for controlling refreshing operations so that an 
externally accessed block is only refreshed among the blocks CAl , 
10 CA2, CA3, CA4, and CAn. 

The refresh controller 14 supplies an internal 
refresh-control signal 15 and a refresh address signal 16 to the 
word-line selection decoder 3. 

FIG. 5 shows an exemplary block diagram of the refresh 
15 controller 14 . 

The refresh controller 14 shown in FIG. 5 includes : a refresh 
counter 7 for generating a refresh address 16, an internal address 
signal , increased for each refresh of the cell array 1; a register 
10 (registers 1 to n) provided for each of the blocks CAl to CAn 
20 for storing access information indicating whether each block has 
been accessed; and a refresh limiter 9 for inhibiting refresh 
to un-accessed blocks among the blocks CA.1 to CAn, based on the 
access information. 

The refresh limiter 9 decides whether to make refresh based 
25 on data in the register 10 corresponding to a refresh address, 
and outputting a signal indicating refresh or non-refresh. 

The registers 1 to n store information indicating whether 
the corresponding blocks CAl to CAn have been accessed. The 
information for refresh access may carry an address at which write 
30 and read accesses have been made or write access has only been 
made. 

FIG. 6 illustrates refresh addresses and the registers 1 
to 3 for refresh and non-refresh operations. 

Refresh addresses 0, 1, n, n+1, n + 2, 2n+l, 

35 are generated sequentially. 

Refresh operations are performed as indicated by circles 
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R in a block CAl of the cell array for a period PI of generating 
refresh addresses indicating that access has been niade to the 
block CAl. 

On the contrary^ refresh operations are not performed 
5 (non-refresh) as indicated by symbols ^^x'' in a block CA2 of the 
cellarrayforaperiodP2of generatingrefresh addresses indicating 
that no access has been made to the block CA2 . 

Refresh operations resume for a period P3 in which access 
has been made to the register 3. 
10 FIG. 7 shows a block diagram of circuitry further having 

an external reset terminal 17 for initializing information stored 
in the register 10 per block of the cell array. 

An external rest signal is supplied to any one of the registers 
1 to n in the register 10 via the external reset terminal 17. 
15 FIG. 8 shows a block diagram of circuitry further having 

a reset circuit 11 for initializing information stored in the 
register 10, which is equivalent to the combination of the reset 
circuit 11 and the register 10 shown in FIG. 1. 

FIG. 9 shows a block diagram of circuitry further having 
20 a refresh-limit releasing section 12 that is data programmable 
for releasing the refresh limiter 9 from the refresh limiting 
function . 

The refresh-limit releasing section 12 may be of a fuse 
circuit F such as shown in FIG. 10. 

25 The refresh-limit releasing section 12 (fuse circuit F) , 

almost identical to the counterpart shown in FIG. 2 (a) , generates 
a voltage OUTOUT that is a source-emitter voltage between an input 
^^a" to the gate of a P-channel transistor QP and an input '^b" 
to the gate of an N-channel transistor QN. 

30 In operation, as illustrated in FIG. 11, when two pulse 

waveforms are input as the inputs ^^a" and ^^b", the pulse waveform 
^^a'' is output when the fuse blows whereas the pulse waveform ^^b" 
is output when the fuse does not blow (refresh inhibition) . The 
waveform ^^a" may be output when the fuse does not blow whereas 

35 the waveform ^^b" is output when the fuse blows. 

FIG . 12 shows an exenplary block diagramof the ref resh-limi t 
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releasing section 12 shown in FIGS. 10 and 11. The refresh -limit 
releasing section 12 shown in FIG. 12 includes a fuse circuit 
F and a refresh-limit releasing circuit 17. 

FIG. 13 shows an exemplary block diagram of a refresh-limit 
5 releasing section 12, which may be of the counterpart shown in 
FIG. 2(b), including a bonding option 18 and a refresh-limit 
releasing circuit 17. 

Further detailed exemplary circuitries are shown in FIGS. 
14 and 15. 

1 0 Aref resh-limi t releasingsection 12 showninFIG . 14 includes 

a bonding pad 18 and a refresh-limit releasing circuit 17. The 
circuit 17 consists of a P-channel transistor QP, a resistor R 
of high resistance, and an inverter INV connected to a node A 
at which the transistor QP and the resistor R are connected to 

15 each other. 

In op>eration, a high-level voltage (almost Vdd) appears at 
the node A when the bonding pad 18 is floating, thus a low-level 
voltage (OV) being output. 

FIG. 15 illustrates refresh-limit release by supplying Vdd 

20 or Vss to the bonding pad 18, as indicated by dot lines 17. In 
detail , refresh-limit release may be made by supplying Vdd to the 
bonding pad 18, thus a high-level voltage being output. Or, it 
may be made by supplying Vss to the bonding pad 18 , thus a low-level 
voltage being output. 

25 Refreshlimi tandref resh-limi treleasemaybemadeat reverse 

F>otentials in FIGS. 14 and 15. 

FIGS, 16 to 20 show several block diagrams different in 
refresh-limit release made by the refresh-limit release section 
12. 

30 Aref resh-limi t release section 12 shown in FIG. 16 supplies 

a first operation-halt signal to theaccessdetector 13fordetecting 
external access to the cell array, to deactivate the detector 
13 for refresh-limit release. 

A refresh-limit release section 12 shown in FIG. 17 supplies 

35 a first operation-halt signal to the access detector 13 to detect 
external access to the cell array, to deactivate the detector 
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13 for refresh-limit release, and also a second operation -halt 
signal to the refresh limiter 9, to deactivate the limiter 9 for 
refresh -limit release. 

Aref resh-limit release section 12 shown in FIG. 18 supplies 
5 a first, a second and a third operation-halt signal to the access 
detector 13, theref resh limiter 9 and the register 10 , respectively, 
to deactivate all of the detector 13, the refresh limiter 9 and 
the register 10 for refresh-limit release. 

FIG. 16 shows deactivation of the access detector 13 only 

10 with the first operation-halt signal. In an actual application, 
however, as shown in FIG. 19, the access detector 13 is deactivated 
when access has been made to the row decoder 3 of the cell array 
1 for which the detector 13 has detected the address buffer 5' s 
operation, thus certain blocks among the cell-array blocks CAl 

15 to CAn being released from refresh limit via the register 10 and 
the refresh limiter 9. 

Aref resh-limit release section 12 shown in FIG. 20 supplies 
the second operation-halt signal to the refresh limiter 9, to 
deactivate the limiter 9 for refresh-limit release. 

20 A DR?^ shown in FIG. 21 is equipped with: a cell array 1 

having DRAM cells, each cell being drive through via a word line 
for data transfer between a bit line, the DRAM cells being divided 
into blocks CAl to CAn; decoders 3 and 4 selecting word and bit 
lines, respectively; a sense amplifier 2 for amplifying bit-line 

25 data from the cell array; and a refresh counter 7 for generating 
an internal address increased for each cell refresh; a register 
10 , provided per block , for storing information indicating whether 
access has been made to each of the blocks CAl to CAn; and a refresh 
limiter 9 for refresh limitation to any of blocks CAl to CAn to 

30 which no access has been made. 

A DRAM shown in FIG. 22 is equipped with a refresh-limit 
releasing section 12 that is data programmable for refresh-limit 
release against the refresh limiter 9 , in addition to the circuitry 
shown in FIG. 21. 

35 A DRAM shown in FIG, 23 having a refresh limiting function 

under control by an internal refresh- control signal is equipped 
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with: a cell array 1 having DRAM cells, each being driven through 
a word line for data transfer between a bit line, the DRAM cells 
being divided into blocks CAl to CAn; decoders 3 and 4 selecting 
word and bit lines, respectively; asenseamplifier 2 for amplifying 
5 bit-line data from the cell array; and a refresh counter 7 for 
generating an internal address increased for each cell refresh; 
a register 10, provided per block, for storing information 
indicating whether access has been made to each of the blocks 
CAl to CAn; a refresh limiter 9 for refresh limitation to any 
10 of blocks CAl to CAn to which no access has been made; and a 
refresh-limit releasing section 12 that is data programmable for 
refresh-limit release against the refresh limiter 9. 



